ABSTRACT. -Observations of the reproductive behavior and productivity of the South American Pallid Falcon, historically known as Kleinschmidt' s Falcon (F&co kreyenborgz), confirm and amplify findings by Ellis and Peres G. (1983), that F. kreyenborgi may be described in terms of a dichromatic polymorph of F. peregrinus cassini, the South American subspecies of Peregrine Falcon. The pallid form occurs relatively frequently in the eastern zone of the southern tip of South America, where it is locally sympatric with F. p. cassini. This study describes mating behavior of 17 pairs and productivity of 15 pairs of falcons in this region of southern Patagonia. In five of these pairs, both the adults were phenotypically "normal" F. peregrinus; in two pairs, both were pallid; and in ten pairs, the adults were mixed: a normal adult peregrine mated with a pallid individual. Phenotypic expression of the pallid trait from productivity data indicates that the genetic basis for pallidism is recessive to the normal genotype. My analysis of gene frequencies, based on this assumption, demonstrates a high frequency of heterozygosity among the local breeding population, which is characteristic of a clinal variation maintained by either low gene flow or selection for the pallid genotype.
The Pallid Falcon (F&co kreyenborgz) has been described as the rarest and the least known of the large falcons (Johnson 1972) . Until recently, information about the Pallid Falcon had been limited to only a few recorded sightings and five collected specimens, three of which are of uncertain geographic origin (Hickey 1969 ). An historical review of the bird was given by Ellis Productivity data were obtained from 15 of the eyries located. Clutch sizes were mostly undetermined because I did not climb to the eyries until young were present. At two locations, however, the nests were observable from a distance enabling clutch size to be determined. I revisited the fifteen eyries at least once and no more than twice during the late nestling period (5 December-5 January). I climbed the eyrie cliffs, photographed young, and collected prey remains from the scrape. Prey species were identified from prey remains collected from the eyries and immediate vicinities and described in another paper (McNutt 198 1). I considered young that had reached approximately four weeks of age to be successfully fledged. Plumage coloration was recorded for all adults and young, and individuals were described as either "normal" (F.
[3781 In five of the seventeen pairs studied in 198 l-1982, both adults were phenotypically normal. In ten pairs, one of the adults was a phenotypical peregrine and the other had typical pallid coloration. I saw two pairs in which both adults were pallid (Tables 1 and 2) . I determined clutch sizes at only two eyries, where eggs were counted from a distance. One contained two eggs, one of which was pushed or rolled out of the scrape late in the incubation period. The other contained three eggs, two of which were infertile. A third eyrie with one young also contained an infertile egg. All three of these eyries were of mixed pairs, i.e., a pallid morph mated with a phenotypically normal adult. All three successfully fledged one young. and talons whitish yellow at the bases fading Productivity data were not obtained from to neutral gray at the tips. Darker pallid morphs two eyries in which the adults were phenotyphad more conspicuous dusky brown and black-ically mixed. Eight mixed pairs, representing ish neutral gray in all the blackish areas noted 54% of all pairs from which productivity data above and by Brown and Amadon (1968), in-were recorded, produced 69% (9) pallid offeluding the tips of the talons and bill. The spring. The same eight pairs fledged four nor-ma1 young. Of the five pairs of normal peregrines, only two (40%) successfully fledged young, producing an average of 0.8 young per breeding attempt. The cause of failure was undetermined. Two pairs of pallid adults produced 1.5 offspring per breeding attempt. Net productivity of mixed pairs was 1.6. All breeding attempts involving a pallid phenotype successfully fledged young. There are two fundamental conditions of polymorphism (Ford 1940 ). "Transient polymorphism" may be said to be the continuous spreading of a favored gene. This assumes some unopposed selective agent or a favorable factor within the genetic mechanism itself (Southern and Reeve 1941) which ultimately results in displacement of the original allelomorph, and possibly complete speciation. The second possibility assumes that the spreading of the allelomorph has been checked by counter-selective forces resulting in a "balanced polymorphism" (Endler 1977) . In a species such as the Peregrine Falcon which has an extensive distribution but relatively small populations, it may be difficult or impossible to determine whether a form is presently transient, in terms of evolutionary time, and in the process of speciation, or if it is in a state of equilibrium with the normal morph. Parapatric contacts between species or "semi-species" in which reproductive isolating mechanisms either broke down or were never completely established are often considered secondary contacts between formerly allopatric populations (White 1978) . However, in the case of the peregrine and "pallid falcon" in southeastern South America, I found no immediately plausible geographic or paleogeographic reason for believing that populations were ever geographically isolated. The lack of historical evidence that the two forms were ever isolated supports my view that, at some point in time, a selective advantage was conferred upon carriers of the k gene, enabling it to overcome the effects of genetic drift.
DISCUSSION
The apparent discreteness of the forms and the relative rarity of intermediates suggests that the trait is controlled by either a single locus or a group of loci so closely linked that they normally "behave" as if they were a single locus; i.e., with few exceptions, it is effectively inherited as a single unit. reflects a predominantly homozygous population of normal F. peregrinus. The existence, therefore, of a high proportion of heterozygotes probably represents a steep cline in morph ratios between the homozygous normal peregrine population and a potentially homozygous (kk) deme of pallid morphs. It is impossible to interpret a morph ratio cline without knowing the geography of differential viability (or fitness) or the extent of gene flow (Endler 1977) . For example, the cline could be maintained by either a geographically defined high selection coefficient (superior viability) of the pallid morph and a constant gene flow, or moderate selection and a low rate of gene flow (Slatkin 1981) . The fact that the two morphs appear to be mating at random suggests there is not presently a strong relative selection for the pallid morph over the normal morph (which includes the heterozygotes), as this should simultaneously select for assortative mating. It is possible that intense selection provided the mechanism for the original spreading of the pallid genotype at some time in the past. That pressure, however, does not necessarily still exist. Under relaxed selection, one could expect outbreeding or random mating of the morphs and a gradual flattening of the cline.
All of the nesting attempts that I found involving a pallid adult had a higher fledging success per attempt (100%) as well as higher productivity (1.5) than the pairs in which both adults were normal (40% and 0.8, respectively) ( Table 2) It is possible that mild selective agents which are not constant over distance are acting in favor of the pallid phenotype. These can be investigated qualitatively by analyzing kreyenborgi's geographic distribution, breeding behavior, and productivity.
The precise geographic range of the pallid form is unknown, but the fact that the morph occurs with a higher frequency in the eastern part of the austral zone than in the western part indicates the existence of a non-random pattern of distribution. This might reflect the maintenance of the polymorphism by selection operating along environmental gradients. Distinct climatological gradients south of 52"s generally assume a northeast to southwest orientation, with a greater solar radiation (kcal/ cm), greater average annual temperature, and less annual precipitation in the north and eastem zone (Zamora et al. 198 1) . Since the pallid form occurs in the relatively xeric zone of the austral region, it would be reasonable to speculate that climate is a selective factor favoring the pallid phenotype. These same climatological gradients continue northward and, north of 52"S, tend to assume an east-west orientation ( Finally, the effects of random genetic drift must be considered as a possible means by which sympatric divergence could have occurred, particularly in light of the magnitude of these effects on small populations. Since the historical record of "Falco kreyenborgi" only reaches as far back as 1925 (at most thirty generations), it is conceivable that the persistence of the morph is solely the result of a neutrally selected genotype under the influence of genetic drift.
In future studies the geographic range and frequencies of the pallid form of F. p. cassini throughout southern South America must be accurately delineated in order to clarify the relative magnitudes of the evolutionary processes acting upon it. Further observations of phenotype crosses in the breeding population, in conjunction with phenotype frequencies among offspring, are required to support the existence and illuminate characteristics of the morph ratio cline.
